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Abstract 
Wheat is one of the most important cereal crop and staple foods in the world. Increase in 
productivity of wheat by balance nutrient management is one of the most crucial factors. 
The main objective this study is to assessing the role of micronutrients in improving differ-
ent components of wheat yield. There are different methods of application such as seed 
priming, soil application and fortification but foliar application is more beneficial. This is 
due to response of foliar application has positive and quadrate in nature i.e. the optimum 
dose of foliar application of zinc for grain yield of wheat was observed as 0.04%. Among 
treatments of micronutrient alone or combined forms give better results over control. Re-
sults have show that micronutrient application substantially improved leaf area index 
(LAI), leaf area duration, CGR (Crop growth rate), RGR (Relative growth rate), NAR (Net 
assimilation rate), plant height, spike length, spikelets/spike, grains/spike, test weight, 
tillers m-2, grain yield, chlorophyll content and biological yield as well as harvest index of 
wheat. The yield and quality of wheat products improved and boosted by micronutrient 
applications. Therefore, human and animal health will be protected with the feed of en-
riched and balanced nutrition of produce as well as it will help in facing the severe global 
food security. 
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INTRODUCTION 
Wheat (Triticum aestivum L.) is one of the most 
important cereal crops which provide staple food 
to many countries in the world. Deficiency of mi-
cronutrients such as iron (Fe), manganese (Mn), 
copper (Cu), zinc (Zn), boron (B), molybdenum 
(Mo) increased in crops worldwide in recent 
years. Many factors which causes deficiency 
problems are intensification in cropping system, 
chemical fertilizers (NPK), over liming of acid 
soils, and the increased demand of high-yielding 
varieties to feed the global population (Fageria et 
al., 2007). A balanced fertilization of macronutri-
ents with micronutrients for plant nutrition is very 
important for high yield crops and good quality 
products. Micronutrients play a vital role in chloro-
phyll synthesis and formation, nucleic acid, pro-
tein synthesis, enzymatic activities, photosynthe-
sis as well as respiration (Reddy, 2004). 
The balance use of macronutrients and micronu-
trients is vital role in crop nutrition for improved 
yield and quality (Saeed et. al, 2012). High fertiliz-
er responsive cultivars having potential to more 
crop yield, when applied micronutrients with NPK 
fertilizers (Nataraja et al., 2006). Leiw (1988) has 
observed that there is an increase in crop produc-
tion due to application of micronutrients. There are 
different methods to apply the micronutrients such 
as seed priming, soil application and fortification 
but foliar application is more beneficial. Bameri et 
al. (2012) stated that by spraying micronutrients 
root growth in wheat can be improved which in-
crease in uptake of macro and micronutrients. 
Ziaeian and Malakouti (2001) observed that fertili-
zation of Fe, Mn, Zn and Cu significantly in-
creased grain and straw yield, test weight, and the 
number of grains per spikelet. Also found that ap-
plication of Fe will increased the concentration 
and total uptake of Fe in grain, flag leaves, and 
grain protein contents.  
Among the micronutrients, especially Zn and Fe 
reduce the susceptibility of plants to drought 
stress (Sultana et al., 2001; Khan et al., 2003; 
Cakmak, 2008). Asad and Rafique (2002) showed 
that increased in wheat dry matter, grain yield, 
and straw yield significantly by application micro-
nutrients over an unfertilized control. Khan et al., 
(2010) observed that when micronutrients (Fe, 
Mn, Zn, Cu and B) applied at different growth 
stages of wheat by foliar application significantly 
increased the plants height, grains per spike, test 
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weight, biological yield, harvest index, straw and 
grain yield etc. Ali (2012) showed that foliar appli-
cation of Fe at different growth stages increased 
the plant height, spike length, 1000-grain weight, 
grain weight per spike, grain yield, grain protein 
content and protein yield of wheat over a control 
treatment. Chaudry et al. (2007) found that micro-
nutrients (Zn, Fe, B) positively increased the 
wheat yield over control while Mandal et al. (2007) 
found that positive interaction between fertilizer 
treatments and physiological stages of wheat 
growth. Rehm and Albert (2006) found that the Fe
-chlorosis in wheat can be corrected by foliar 
spray of ferrous sulphate. 
Rawashdeh and Sala (2013) observed that com-
bined foliar application of mixture nutrients Fe and 
B also increased plant height, number of tillers 
and root depth than control treatment. Gomaa et 
al., (2015) showed that the highest grain and yield 
components and quality of wheat grain obtained 
by foliar application of both Zn and Fe. Ali et al., in 
2009 and Moghadam et al., in 2012 found that 
foliar application of B and Zn increased the yield 
and yield components of wheat. Foliar application 
of B was positive effect on grain yield, number of 
grains per spike and 1000-grain weight Raza et al. 
(2014). 
The main objective of this study was to identify the 
micronutrients deficiencies, factors responsible for 
fertilizer efficiency improvement under the agro-
ecology of the wheat area as well as required ad-
equate amount of micronutrients to achieve maxi-
mum yields and suggested diagnostic criteria for 
identification of crop responsive to micronutrients. 
Growth and yield attributes of wheat 
Leaf area index (LAI) at 49 and 98 days after 
sowing: The LAI is the ratio of total leaf area to 
ground cover. In general it increases to maximum 
after the crop emergence (Reddy, 2004). Applica-
tion of boron in wheat will increases the tissue 
formation with good plant growth which increases 
the concentration of B in wheat leaves and results 
in higher leaf area index. Whereas, when com-
bined application of B with zinc, copper, iron and 
manganese, it helps in chlorophyll formation and 
increased the photosynthetic activities (Ziaeian 
and Malakouti, 2001; Card et al., 2005; Manal et 
al., 2010). The application of iron (12 kg ha-1) and 
copper (6 kg ha-1) produced the minimum leaf 
area index of 2.31 and 2.38, respectively. 
Leaf area duration (LAD) at 49 and 98 days 
after sowing: Leaf area duration is directly relat-
ed with leaf area index. Nadim et al. (2011) ob-
served that non significant effect on LAD at 49 
DAS and significant effect on LAD 98 DAS in 
wheat. The application of boron @ 2 kg ha-1 gives 
maximum LAD (48.90) and it was statistically simi-
lar to combined Zn+Cu+Fe+Mn+B with LAD 
47.25. 
Crop growth rate (g m-2 day-1): Crop growth rate 
(CGR), defined as the dry matter production per 
unit time. It is affected by several factors such as 
temperature, solar radiation and age of cultivar. 
Nadim et al. (2011) observed that application of 
micronutrients improved the plant growth of wheat 
through increased plant photosynthesis and other 
physiological activities. When applied boron @ 2 
kg ha-1 improved the crop growth rate (33.40 g m-2 
day-1). The combined application of micronutrients 
(Zn+Cu+Fe+Mn+B) and sole application of zinc 
and copper gives CGR of 28.08, 27.44 g m-2 day-1, 
respectively. This is due to boron helps in better 
utilization of available nutrients which increased 
leaf area, high photosynthesis and dry matter ac-
cumulation. Asad and Rafique (2002) reported 
that use of medium doses of boron or zinc and/or 
iron enhances higher CGR of wheat whereas low 
amount of copper, manganese and combination of 
all micronutrients application gives higher CGR.  
Relative growth rate (mg m-1 day-1): Relative 
growth rate (RGR) refers to the increase in dry 
weight with time related to the initial weight. So 
CGR is an absolute measure of growth, similar 
values could be expected for different initial 
weights (Reddy, 2004). Nadim et al. (2011) re-
vealed that application of boron (3 kg ha-1)     in 
wheat gives significantly maximum RGR (89.60), 
which was statistically at par (88.73, 88.45 and 
87.38 mg m-1 day-1) with the sole application of Cu 
(6 kg ha-1), Zn (10 kg ha-1) and Fe (12 kg ha-1), 
respectively. The reason behind the high concen-
trations of B and Zn in the leaves increased plant 
food accumulation which resulted in more RGR 
(Card et al., 2005; Nataraja et al., 2006). Kumar et 
al. (2009) also revealed that high dose of copper 
increased the Cu concentrations in wheat leaves 
and dry matter production. As compared to its sole 
application, combined application of boron gives 
good relative growth rate. 
Net assimilation rate (mg m-2 day-1): The capaci-
ty of plant to increase dry weight in terms of area 
of its assimilatory surface termed as the net as-
similation rate (NAR). Generally it is photosynthet-
ic efficiency in the overall sense and related with 
LAR and RGR (Reddy, 2004). Among various 
treatments, the application of copper @ 6 kg ha-1 
in wheat produced maximum net assimilation rate 
(3.19) which was statistically at par with the appli-
cation of zinc (2.92 mg m-2 day-1). This is due to 
high concentrations of Cu in the wheat leaves and 
more RGR resulted increased in photosynthetic 
rate and chlorophyll formation. Shukla and Warsi 
(2000) also found that the highest NAR with the 
application of Zn alongside with NPK. 
Number of tillers (m-2): Tillering capacity of crop 
generally depends on the genotype and environ-
ment. Zain et al. (2015) reported that combined 
application of (FeSO4+ ZnSO4+MnSO4) produced 
maximum number of tillers (292.33) followed by 
(FeSO4+ZnSO4) and (3 Kg ZnSO4) while (FeSO4 
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+ MnSO4) treatment gives minimum tillers. Islam 
et al. (1999) suggested that zinc application im-
proved wheat spike length and productive tillers/
plant. Among various treatments, Cu (8 kg ha-1) 
gives maximum number of tillers (249.0), followed 
by sole application of Mn, Cu, Zn and Mn @ 8, 6, 
10 and 16 kg ha-1 produced similar number of 
tillers (229.8, 226.5, 220.8 and 218.5 m-2), respec-
tively. Kumar et al. (2009) also found that in-
creased number of tillers with the application of 
Cu in wheat while Manal et al. (2010) obtained 
higher number of tillers with the application of Mn. 
Number of grains (spike-1): Number of grains 
spike-1 mainly affected by unbalanced nutrition. 
Application of micronutrients combined with basal 
dose of NPK significantly improved the number of 
grains spike-1 in wheat. Modaihsh (1997) repoted 
that Zn application can increased the grain yield 
as well as biological yield of wheat. biomass.The 
application boron (2 kg ha-1) gives maximum num-
ber of grains (46.50) which were statistically at par 
with Zn+Cu+Fe+Mn+B (45.25). Because of boron 
is helps in translocation of food materials, grain 
setting as well as higher number of grains in 
wheat. Uddin et al. (2008) also obtained higher 
number of grains by the application of boron (2 kg 
ha-1) while Tahir et al. (2009) showed that sub-
stantially increase in number of wheat grains with 
the foliar application of boron. The application of 
Zn, Fe and Mn @ 5, 16 and 12 kg ha-1 gives sta-
tistically similar results (44.25). whereas the com-
bined application of medium doses of micronutri-
ents and sole application of B and Cu @ 3 and 10 
kg ha-1 obtained same number of grains spike-1 
(43.50, 43.25 and 43.00). 
Spike length (cm): Zain et al. (2015) showed that 
spike length significantly increased by foliar appli-
cation of micronutrients. Maximum spike length 
(10.97 cm) was observed in wheat by (FeSO4 + 
ZnSO4) which treatment was statistically similar to 
(ZnSO4 + MnSO4), and (1.6 kg FeSO4), whereas 
minimum spike length (8.733 cm) was observed in 
(3 kg ZnSO4) treatment which was similar to (1 kg 
MnSO4) treatment. According to Abbas et al. 
(2009) spike length of wheat can be increase up 
to 11.8 % by application of Zn @10 kg ha-1. Also 
Blevins and Lukaszewki (1998) revealed that 
spike length of wheat may increased by balanced 
availability of nutrients in the rhizosphere, their 
uptake and absorption by the plant. 
1000 grain weight (g): The combined application 
of (Zn+Cu+Fe+Mn+B) gives significant maximum 
wheat grain weight (44.64g) which was statistical-
ly at par (44.02g) with grain weight obtained by Cu 
and Fe @10 and 12 kg ha-1 respectively. This 
may be due to higher accumulation of assimilates 
in the grains, which resulted in heavier grains of 
wheat. Soleimani (2006) also observed increased 
in seeds weight by combined application of Zn, 
Fe, Mn and Cu.  
Grain yield (t ha-1): The conversion of light energy 
into chemical energy by green plants through the 
process of photosynthesis results rate at which a 
crop accumulates organic matter termed as crop 
productivity (Reddy, 2004). The grain yield de-
pends on number of spikes, kernels spike-1 and 
kernels weight. Attributes such as (test weight) 
1000-grain weight, grain and straw yield can be 
increased due to micronutrient application sug-
gested by Ziaeian and Malakouti (2001) and Mara-
lian (2009). Sultana et al. (2016) observed that 
highest grain yield of wheat (5.14 t ha-1) obtained 
due to application of zinc up to 0.04%. Kaya and 
Higgs (2002) and Cakmak (2008) also onserved 
that zinc increased the production of biomass. This 
is due to Zn will be detoxifies the Reactive Oxygen 
Species (ROS) and results it preventing photoxida-
tive damage catalyzed by ROS in chloroplasts 
(Cakmak, 2000; Ducic and Polle, 2005). Zn play 
role in drought stress tolerance by protection 
against oxidative damage of membranes (Cakmak, 
2000; Ducic and Polle, 2005). Khan et al. (2007) 
also reported that by application of Zn (5 kg ha-1 
grains yield increases up to 31.6% over control. 
Among various treatments, B (2 kg ha-1) produced 
maximum grain yield (3.67 t ha-1) whereas Cu and 
Mn both @8 kg ha-1 was statistically at par with 
boron  producing grain yield of 3.62 and 3.60 t ha-
1, respectively. Boron gives the highest wheat 
grain yield due to maximum number of grains 
spike-1 while Cu and Mn increased the number of 
tillers. Kumar et al. (2009) recorded 68% yield in-
crease over control with the application of Cu. (Ali, 
2012; Tahir et al., 2009; Khan et al., 2010; Nadim 
et al., 2012; Raza et al., 2014), observed that the 
grain yield of wheat can be increased by applica-
tion of Fe and B alone or combined with other mi-
cronutrients. Ma et al. (2017) conducted experi-
ment to observe the physiological responses of 
wheat to Zn fertilizer application under drought 
stress, pot, and field experiment under different 
soil moistures and treated with soil and foliar Zn 
applications. Zn application in soil significantly in-
creased grain yield of wheat and Zn concentration 
by 10.5 and 15.8%, 22.6 and 9.7%, and 28.2 and 
32.8% under adequate water supply, moderate 
drought, and severe drought, respectively. Zinc 
directly alleviates wheat plant drought stress by Zn
-mediated increase in photosynthesis pigment and 
active oxygen scavenging substances, and reduc-
tion in lipid peroxidation. 
Plant height (cm): Zain et al. (2015) showed that 
foliar application of (FeSO4+MnSO4) gives in-
creased maximum plant height (97.00 cm) that 
was statistically similar to (FeSO4 + ZnSO4), 
(ZnSO4 + MnSO4) and (FeSO4+ZnSO4+MnSO4). 
Single dose of (3 kg ZnSO4) gives minimum plant 
height (85.567 cm). Khan et al. (2009) showed that 
plant height increase up to 5.8% if treated with 
ZnSO4 (10 kg ha-1) as compared to untreated 
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wheat. Rawashdeh et al. (2015) observed that the 
plant height of wheat increased significantly 
(p=0.05) due to foliar application of micronutrient 
(Fe, B, Fe+B) at individual stages (at 21 days or 
41 days) and at both stages (at 21+41 days). The 
highest plant height observed 14.00% by applica-
tion of 333g Fe ha-1+167g B ha-1 (at 21+41 days) 
followed by 12.33% and 11.20% by 333g Fe ha-1  
(at 21+41days), and 333g Fe ha-1+167g B ha-1 (at 
21 days), respectively over control. This is due to 
Fe play an important role in chlorophyll synthesis, 
energy transfer and enters in root cells and B hav-
ing role in physiological processes i.e. cell elonga-
tion, cell maturation, meristematic tissue develop-
ment, sugar transportation, IAA, formation, germi-
nation and protein synthesis etc. Similar results 
obtained that plant height of wheat increased due 
to foliar application of micronutrient (Ali, 2012; 
Bameri et al., 2012; Rehman et al., 2012; 
Rawashdeh and Sala, 2013a). Kandoliya et al. 
(2018) recorded highest grain and straw yield of 
wheat under the application of RDF 
(Recommended dose of fertilizer) + soil applica-
tion of ZnSO4 (10 kg ha-1) + FeSO4 (20 kg ha-1). 
Under same treatment the yield attributes such as 
plant height at 40 DAS, 70 DAS and at harvest; 
numbers of tillers at 45 DAS and at harvest and 
numbers of effective tillers at harvest of wheat 
crop were recorded significantly highest.  
Flag leaf area: Rawashdeh et al. (2015) showed 
that flag leaf area of wheat significantly increased 
(p=0.05) by application of (foliar) of micronutrient 
(Fe, B and Fe+B) at individual stages (at 21 days 
or 41 days) and at both stages (at 21+41 days). 
The maximum flag leaf area reported that 39.13% 
by application of 333g Fe ha-1+167g B ha-1 (at 
21+41 days) followed by 27.57%, 22.43% and 
19.13%  by 333g Fe ha-1  (at 21+41days), 167g B 
ha-1   (at 21+41days), and 333g Fe ha-1+167g B 
ha-1 (at 41 days), respectively over control. Be-
cause of Fe is an important component of cyto-
chrome which involved in electron transport chain 
(ETS), chlorophyll sysnthesis, maintain structure 
of chloroplasts, nitrogen fixation and enzymatic 
activities (Eskandari, 2011) which lead to higher 
crop production and leaf area increase (Zayed et 
al., 2011).  
Chlorophyll content: Rawashdeh et al. (2015) 
reported that foliar application of micronutrient 
(Fe, B and Fe+B) at individual stages of wheat (at 
21 days or 41 days) and at both stages (at 21+41 
days) increase in chlorophyll content of plant 
leaves. The highest chlorophyll content of plant 
leaves obtained that 18.96% by application of 
333g Fe ha-1+167g B ha-1 (at 21+41 days) fol-
lowed by 16.22%, 12.40% and 12.07% by 333g 
Fe ha-1  (at 21+41days), 333 g Fe ha-1 (at 41days), 
and 333g Fe ha-1+167g B ha-1 (at 41 days), re-
spectively over control. Similar results reported by 
(Kazemi, 2013; Rawashdeh and Sala, 2014b) 
observed that application of Fe and B alone or in 
combined with other micronutrients increased 
chlorophyll content of plants leaves. Jat et al. 
(2018) also reported that, the application of zinc (3 
kg ha-1) increased the biosynthesis of important 
growth hormones i.e. indole acetic acid (IAA) 
which is responsible for wheat plant growth, re-
sulted in increased plant height or plant growth. It 
was also observed the higher amount of chloro-
phyll content in a treatment of Zn and Fe (Sale et 
al., 2018; Kandoliya et al., 2018). Thus increase in 
photosynthetic process, resulting increase in the 
growth of wheat plants. 
Micronutrients concentration in flag leaves 
and grains (μg g-1): Rawashdeh et al. (2015) re-
ported that the highest concentration of micronutri-
ents (Fe, B, Zn and Cu) in flag leaves and grains 
of wheat were obtained by application of 333g Fe 
ha-1+167g B ha-1 (at 21+41days). This results was 
supported by (Zeidan et al., 2010; Gomaa et al., 
2015) that foliar application of micronutrients sub-
stantially increased concentration of micronutri-
ents in flag leaves and grains.  
Biological yield (kg/ha): Zain et al. (2015) found 
maximum biological yield of wheat by application 
of (ZnSO4 + MnSO4) followed by (FeSO4 + 
ZnSO4) treatment. Also found that significant pos-
itive correlation between micronutrient and dry 
matter production. Yadav et al. (2017) conducted 
the field experiment during the rabi season found 
that Zn application @10 kg ha-1 significantly im-
proved all growth parameters and yield attributes 
of wheat crop over the control. Zinc plays an im-
portant role in regulating the auxin concentration 
in plant and nitrogen metabolism in wheat crop 
and improved in these growth attributes. Similar 
results were reported by Hrivna et al., (2015) and 
Noonari et al. (2016).    
Harvest Index (%): Ratio of yield over biomass 
called Harvest index. Zain et al. (2015) reported 
that application of (FeSO4 + ZnSO4 + MnSO4) 
produced maximum harvest index (42.263) of 
wheat which was statistically at par with (FeSO4 + 
MnSO4) treatment. Also Webb and Loneragan 
(1990) found that significant positive relationship 
between the micronutrient and biomass produc-
tion of wheat. 
Rani et al. (2019) showed that application of mi-
cronutrient such as Mn, Zn and Fe alone or in a 
combination of manganese and iron significantly 
increased yield and yield attributes of wheat. The 
application of Zn increases, the concentration of 
Zn in the shoots and grains of wheat increases 
significantly. Grain protein content was decreased 
by salinity, while the utilization of grain protein 
enhanced and finally improved the growth and 
yield of wheat by decreasing the effects of salinity, 
therefore the addition of Zn helped in reducing the 
unfavorable effects. 
Now a days to meet the feed of global population, 
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there is a demand of high yielding crops. To in-
crease the yield production of wheat crop we are 
using high analysis NPK fertilizers which contain 
low amount of micronutrients. High yielding results 
in removing the micronutrients from the soil. Also 
the advances in fertilizer technology reduce the 
residual addition of micronutrients. So there is 
need of  balanced nutrition for soil to crop which 
meets the demands of soils, crops as well as hu-
man health.  
Micronutrients promote the good, strong and 
steady growth of plants that produce higher yields 
and increase the harvest of produce. Balanced 
application of micronutrient application will signifi-
cantly improve the yield attributes of wheat crop 
such as leaf area index (LAI), leaf area duration, 
crop growth rate, net assimilation rate, relative 
growth rate plant height, spike length, spikelet’s/
spike, grains/spike, test weight, tillers m−2, grain 
yield, chlorophyll content, biological yield as well 
as harvest index etc. 
Conclusion  
A balanced use of macronutrients with micronutri-
ents fertilization is very important for high yield 
crops and good quality products as well as plant 
nutrition. Micronutrients play a significant role in 
chlorophyll synthesis, nucleic acid, protein synthe-
sis and formation, different enzymatic activities, 
photosynthesis as well as respiration. The bal-
ance use fertilization also improves yield and 
quality of crop by application of micronutrient 
alone or combined forms give better results over 
control. The Result have show that micronutrient 
application substantially improve leaf area index 
(LAI), leaf area duration, crop growth rate, net 
assimilation rate, relative growth rate, plant height, 
spike length, spikelet’s/spike, grains/spike, test 
weight, tillers m−2, grain yield, chlorophyll content 
and biological yield as well as harvest index of 
wheat. This study will be helpful for farmers and 
human welfare in understanding the stages of 
growth, right micronutrients time, dose, and 
helped the plants grow successfully under unfa-
vorable conditions. 
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